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AN INVESTIGATION OF THE PROPERTIES OF 
CHILLED IRON CAR WHEELS 


PART I. WHEEL FIT AND STATIC LOAD STRAINS 


I. Inrropuction 


1. Preliminary.—tThe car wheel is one of the important factors 
which have made possible the great development of transportation 
facilities that has occurred within the past seventy years. Although 
during this time many types of car wheels have been utilized, only five 
have come into common use, thus demonstrating their general fitness to 
meet the severe service conditions now existing. These five types are 
the rolled steel wheel, the forged steel wheel, the cast-steel wheel, the 
built-up wheel, and the chilled iron wheel. The first three types are 
manufactured by processes and of materials indicated by their 
names. The built-up wheel, as the name suggests, consists of either 
a spoked wheel of cast-iron, or a disc, upon the periphery of which is 
attached a tire of rolled steel. 

The chilled iron wheel is essentially a cast-iron wheel whose 
tread, or that part of the wheel which comes in contact with the track, 
consists of an extremely hard metal capable of resisting both excessive 
deformation and wear, while the remainder of the wheel consists 
of relatively soft and easily machined cast-iron. The hardened tread 
is produced by chilling the outer circumference or tread of the wheel 
when the metal is poured. A more detailed description of the chilled 
‘ron wheel, with such additional information regarding its manu- 
Yacture and properties as may be of service in the interpretation of 


‘m service, the use of the built-up wheel is confined almost wholly to 
dassenger coaches, locomotives, and tenders, whereas the rolled, 
‘orged, and cast-steel wheels, and the chilled iron wheel are in use 
inder locomotive tenders, passenger coaches, and freight cars. For 
‘arious reasons the use of steel wheels predominates in passenger 
ervice, while the relative cheapness of chilled iron wheels, together 
vith certain other advantages they possess, makes their use almost 
liversal for freight service. 
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Seventy years of transportation history show a very great 
increase in car capacity, and, as a consequence, greatly increased wheel 
loads both in freight and in passenger service; yet the same period 
of time does not show a proportionate inerease in the size and 
presumably in the strength of the car wheels used, a fact which is 
especially true with relation to the chilled iron car wheel used in 
freight service. As an example, the wheel load in freight car service 
has increased from 5000 Ibs. on the 10-ton capacity car of 1870, to 
25 000 Ibs. on the 70-ton capacity car of the present time, an increase 
of 400 per cent. During the same time the weight of the wheel has 
been increased from 525 Ibs. for the 5000-lb wheel load to 850 Ibs. 
for the 25 000-lb. wheel load, or an increase of 60 per cent. Fror 
comparisons of this kind it is evident that increase in wheel load has 
not been accompanied by a corresponding increase in the weight of 
the wheel. As the chilled wheel of today is carrying the imposed 
loads with a low percentage of failures, it seems evident that unduly 
large factors of safety may have been present in the earlier period 
Furthermore, the conclusion may be drawn that, if the policy o 
increasing wheel loads continues without providing proportionate 
increase in wheel weight, a time will eventually arrive when th 
wheel no longer can withstand the imposed loadings. 

Considering the relatively small amount of trouble that ca 
wheels in general have given heretofore, and referring in particula 
to the chilled iron wheel, it is not surprising to find that b 
little experimental work has been done with regard to ear whed 
problems.* As a consequence, the stresses and strains in car wheel} 
due to various service conditions have been largely a matter of spect} 
lation and conjecture, based mainly on the relatively small amount 


analysis of these failures, railroads and wheel manufacturers, ind¢ 
pendently at first, then in small groups, and later in conjunction wi 


changes in design and through moderate additions of metal, bee 
able to produce wheels which have at all times satisfied service requi 
ments. 


* Report of Tests to Determine the Stress in the Plate of Cast Iron Wheels Due to 
Heat Produced by the Brake Shoe. L. E. Endsley. Proc. West. Ry. Club, p. 194, M 
27, 1914. 

Standardization of Chilled Iron Crane Wheels. F. K. Vial. Proc. A. S. M. 
Dee. 1914. 
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Owing to the desirability of obtaining definite information con- 
serning the magnitude and distribution of stresses in chilled car 
wheels and of determining the limitations of these wheels as used 
today, and with a further view of improving the chilled iron wheel 
in order to meet future requirements, a cooperative agreement ,was 
entered into by the ASSocIATION OF MANUFACTURERS OF CHILLED Car 
WHEELS and the University or Inuinors. Essentially the agreement 
provided that the Association furnish funds for all special equip- 
ment required and defray all expenses incident to carrying on the 
investigation, and that through its Engineering Experiment Station, 
the University conduct the research, provide the use of available labora- 
tories, shops, and office facilities, and publish a report of the results. 
The principal items of the agreement are presented in Appendix C, 
page 94. After the approval of the agreement, committees under 
whose direction the work should be carried on were formed, and a 
sonference was held in March, 1916, at which a tentative program was 
aid out. 


_ 2. Scope of Investigation—The original program was _ re- 
vised and extended at various times until it has embraced tests to 
letermine : 


(1) the strains caused by mounting the wheel on its axle; 

(2) the strains caused by the static or wheel loads; 

(3) the ultimate breaking strength of flanges, and strains 
caused by flange pressure ; 

(4) the strains, due to temperature gradients in the wheel, 
caused by brake application ; 

(5) incidental problems related to the above. 


Sa amr rue 


The present bulletin gives the results of a series of strain-gage 
‘sts in connection with the items (1) and (2) just mentioned; that 
tests made to determine the strains produced within the wheel by 
jounting it on its axle, and by the application of wheel loads. 
Yhe strain within the wheel caused by forcing it on an axle was first 
stermined for two 33-in. 725-lb. M. C. B. wheels. The same pair 
-mounted wheels was then subjected to static loads ranging from 
1) 000 to 200 000 Ibs. per wheel, and the resulting strains noted. The 

ading effect was produced by applying the load to the axle by means 
a testing machine, and allowing the wheels to transmit it to a pair 


a 
4 


12 ILLINOIS ENGINEERING EXPERIMENT STATION 


of rails, the conditions being similar to those found in service. 
similar set of tests was carried out with a pair of 33-in. 740-lb. Ar 
Plate type of wheels. Additional tests for the purpose of obtaini 
more complete information concerning the mounting strains th 
was given by the above mentioned tests were then made upon a p 
of 33-in. 725-lb. M. C. B. wheels. The reporting of the results 
the mounting and static tests upon the wheels just mentioned is t 
purpose of the present bulletin. It is intended to publish addition 
reports dealing with tests to determine the ultimate strength of flang 
the effect of flange pressure, and the effect of brake applicatio 
together with the related problems of brake friction and the therm 
expansion of cast-iron. 


3. Acknowledgments.—The Association of Manufacturers 
Chilled Car Wheels appointed Grorcz W. Lynpon and F. K. V1 
President and Consulting Engineer, respectively, of the Associatio 
as a committee to assist in promoting the investigation. In additi 
to the financial help given by the Association, the investigation ow 
much to the assistance rendered by this committee in the way 
technical advice, helpful interest, and effective codperation througho 
the progress of the work. The Engineering Experiment Station 
the University of Illnois appointed Epwarp C. Scumipt, Profess 
of Railway Engineering, and ArtHuR N. Taupot, Professor of Muni 
ipal and Sanitary Engineering, as a committee in charge of the inves 
gation. Professor Schmidt withdrew from the University to enter t 
United States Military Service during the late war, and w 
replaced on this committee by JoHN M. Snoperass, Professor of Ra 
way Mechanical Engineering. In the direction of the investigati 
this committee has had frequent conferences with the committee of t 
Association of Manufacturers of Chilled Car Wheels. : 

The greater part of the experimental work was carried on | 
F.. H. GuipNner, who became connected with the work a few mont! 
after its inception. R. E. Turney and O. S. Bryer, Jr., both of who 
were connected with the experimental work during the earlier pa 
of the investigation, did much in the way of developing metho 
making some early tests, and getting the work under way. The co 
mittees are further indebted to H. F. Moorn, Professor of Engineeri 
Materials at the University of Illinois, for his assistance and advi 
upon various matters relating to the investigation. 
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II. Prospuem or Car WHEEL UNpER Loap 


4. General Statement Concerning Wheel Loading.—A car wheel 
in service is subjected to conditions which produce stress within the 
wheel. These stress-producing conditions may exist in a great variety 
of combinations, and give rise to stresses of a more or less complex 
nature. The principal causes of stress in a car wheel are: 


(1) manufacturing processes, which may cause initial 
stresses ; 
(2) forcing the wheel on the axle, or mounting; 
(3) the proportion of the car loading supported by one 
wheel ; 
(4) the lateral pressure on the wheel flanges produced by 
rounding curves, by wind, or by the unevenness of the track; 
(5) non-uniform temperatures in the wheel caused by brake 
application ; 
| (6) centrifugal force, when the speed is high. 
Rotation, moreover, complicates the problem still further by intro- 
ducing impact and repeated stresses. 
Important initial stresses, if existent, can be traced to improper 
manufacture. The process of annealing* has for its object the 
elimination of this type of stress, and, if it is properly performed, 
either removes the initial stresses entirely or reduces them to small 
magnitude. Concerning the magnitude and distribution of this type 
of stress, relatively few definite data exist. 
' After being cast, the wheel is bored slightly smaller than its axle 
and forced upon it. In general, this mounting of the wheel on its 
axle produces compression in radial directions and tension in tangential 


's greatest at the bore and decreases toward the tread until the inter- 
section of the inner and outer plates is reached, at which point there 
may be a slight increase in magnitude, beyond which a decrease again 
Seeurs. At the rim or tread of the wheel these stresses become neg- 


' | *See Appendix A, p. 45. 

; 2 tInterstate Commerce Commission. Report of the Chief of the Bureau of Safety, Covering 
he Investigation of an Accident which Occurred on the New York Central Railroad near 
Pet ioo, Indiana, March 21, 1917, pp. 8-10. 
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On being placed in service, the wheel doubtless encounters co 
ditions that produce an exceedingly complex stress distribution withi 
it. The static load, or proportional part of the total weight of t 
loaded ear, is transmitted by the axle to the wheel and through it 
the rail. As a consequence, tensile and compressive stresses of vary 
ing intensity are set up in all parts of the wheel. The compressi 
stress produced by the static load is at a maximum on the radi 
line connecting the center of the wheel and the point where the ra 
is in contact with the wheel. No general statement can be made 
to where the actual maximum stress occurs on this radial line. 

The order in which additional stresses occur in the wheel 
necessarily determined by the conditions under which the wheel 
operating. Lateral pressure on the wheel flange when rounding 
curve adds to or modifies stresses already existing in the wheel. Bot 
the static load and flange thrust stresses may be considerably au 
mented by impact, as in the case when heavily loaded cars operate o 
imperfectly aligned track, or strike guard rails and crossings at hig 
speed. The application of the brakes for purposes of car retardatio: 
generates heat that must be dissipated by the brake shoe and the whee 
Within the wheel this dissipation of heat produces unequal temper. 
tures or gradients between different points, with resultant stresses. 
not properly handled by operating men, long continued brake applic 
tion, such as occurs in mountainous regions, may occasion abnorm 
stresses and be a source of trouble, with attendant possibilities 
serious disaster. Centrifugal force or a hot journal may play a pa 
in causing undue stress within a wheel. Due to rotation, moreove 
all the stresses present, excepting initial stresses and those due 
mounting, occur as repeated stresses, thereby still further complicatin 
the general problem. | 

Of the more important means of producing internal stress in th 
wheel it may be generally stated, with the exceptions subsequentl. 
noted, that the mounting of the wheel and the static load tend t 
produce compressive stresses in a radial direction, which stresses ma: 
be wholly or partially relieved or even reversed by tensile stresses du 
to centrifugal force and brake application. On the outer face of th 
wheel the stresses due to flange thrust are cumulative with, while on th 
inner face they are opposed to, those caused by centrifugal force an 
brake application. 
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Throughout the investigation the attempt has been made to 
simulate service conditions in the methods used in loading the wheels 
in so far as the laboratory facilities would permit. In addition to 
this, most of the wheels tested were subjected to conditions exceeding 
in severity those which would result from normal wheel service. The 
wheels tested were for the most part taken at random from the stock 
of the Griffin Wheel Company, and are assumed to be representative 

of their respective types. 


5. Evaluation of Stresses Existing in a Loaded Car Wheel.— 
An examination of the section of a chilled car wheel indicates that, 
for purposes of analysis, it might be considered as a series of curved 
plates in which the outer edge of one becomes the inner edge of a 
succeeding one, or vice versa; furthermore,.that the stresses existent 
in any individual section would be a function of those occurring in 
adjacent sections. Attempts have been made to derive the theory 
_underlyi ing curved plates, but as yet no satisfactory analysis has been 
made. Until such an analysis is available it will probably be impossible 
to predict the intensity or distribution of stresses in a car wheel 
by analytical methods. Hence, when it becomes either necessary or 
‘desirablé to know the conditions of stress in a shape as complex as 
‘that of a car wheel, an experimental method aids, although it does 
‘not completely succeed, in solving the problem. 
From the foregoing it can be seen that the general problem is a 
‘complex one and that, due to the irregular shape of the wheel, 
cannot at present be satisfactorily analyzed by theoretical methods. 
Accordingly the attempt has been made to determine, as far as is 
ipossible by experimental methods, the individual effects caused by 
the principal loads producing stress in a ear wheel, and in several 


“eases to determine their cumulative or combined effect. Having found 


ithe individual effects, combinations can then be estimated for any 
“assumed operating condition with greater precision than has hereto- 
‘fore been possible. 

It is evident that the problem of the car wheel under load is one 
of compound stress; that is, stress in more than one direction. 
!Throughout this report the term stress has been used to indicate the 
‘stress which would exist in the material under observation if subjected 
0 either simple tension or simple compression, and, under these 


onditions, deformed to an extent equal to the measured strain. The 
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strains measured in these investigations constitute the fundamental 
data taken, and these measured strains are for the most part due to 
the effect of more than one stress acting within the material; that is, 
they are due to compound stress. Concerning compound stress there 
are three theories more or less generally accepted, none of which, 
however, can be considered wholly acceptable in the determination 
of the actual stresses existing within cast-iron subjected to such loads} 
as car wheels necessarily carry. These three theories are known} 
respectively as the maximum shear, the maximum stress, and the} 
maximum strain theory.* It seems safe to assume that the maximum] 
shear theory does not apply to cast-iron, and should not be used in} 
connection with the problem in hand. The application of the maximum 
stress theory would in general lead to a lower evaluation of the 
existing stresses than would an application of the maximum strain} 
theory. The computed stresses which are presented and discussed} 
throughout the report are determined from the measured strains 
and a stress-strain relation determined from specimens tested under 
simple tension and simple compression. As reported, therefore, they 
are not in general the stresses which exist in the wheel, and may not} 
be used as a measure of the resistance developed in any section i 
the way that a simple stress is used. The values of the stress are give 
to allow the reader to use these approximate values of a more familia 
concept than strain. The word stress has throughout the discussio: 
frequently been qualified by the use of the expression ‘‘correspondin 
simple’’ when referring to the stresses computed from the measure 
strain and the stress-strain relation used; and this expression has bee 
used to call attention to, and to emphasize the fact that the stresse: 
under consideration are for the most part computed from measure 
strains resulting from compound stress and from a stress-strai 
relation based upon simple tension and compression. 

As the available information concerning the theories does no 
appear to indicate definitely that any of them, either separately or 
in combination, should be applied in the ease of cast-iron, it is fel 
desirable that the matter of the actual severity of these stresses shoul 
be considered as held in abeyance at this time. The report, more 
over, is not intended to present figures which can be taken as exae¢ 


* For a brief discussion of these theories see, ‘The Strength and Stiffness of Stee 
Under Biaxial Loading.’’ Univ. of Ill. Eng. Exp. Sta., Bul. 85, 1915. 
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values of the actual stresses existing where the strains from which 
the values given were calculated are produced by compounded stress. 
No attempt has been made to report exact values for the stresses 
existing in the wheels under conditions of actual service, as this report 
is concerned only with the stresses produced through two kinds of 
wheel loading, namely, mounting and static loading. The stresses 
resulting from these two forms of loading may be materially modified 
by additional stress-producing factors to which a wheel may be sub- 
jected in service. The usual stress condition produced in the parts of 
the car wheel by mounting, and through the application of static 
loads, is that of material subjected to tension in one direction and 
‘compression in a direction at. right angles thereto. This condition 
produces a deformation or strain in the direction of either stress, 
which is greater than would be produced by the stress in that direction 
jacting alone. Any estimates regarding factors of safety, based upon 
the stresses reported for the mounting and static load tests, and 
considered as applying to the chilled iron wheel or its parts, could 
therefore be properly considered as conservatively estimated; that 
is, if the actual stresses could be determined, it is probable that this 
would not involve a reduction in the estimated values of the factors 
of safety, but would rather justify increased values for them. In 
this report no attempt has been made to indicate values for factors 


18 ILLINOIS ENGINEERING EXPERIMENT STATION 


Ill. PuHystcan Properties or CHitLeD Car WuHeEEL Irons 


6. Selection and Treatment of Specimens.—In order to assist 
in interpreting the data obtained in the tests made on the car wheels, 
a number of specimens of wheel irons were taken, both from wheels 
tested, and as coupons from the foundry ladle. Some of the properties 
of these specimens which were of most importance to the investigation 
were determined. 

In general, in discussions pertaining to the strength of materials 
it is customary to consider the matter in terms of stress, where 
stress is that internal force which, when a body is subjected to external 
forces, tends to hold the molecules in their original relation and to] 
preserve the integrity of the body. The fundamental data obtained} 
in these tests were, however, strains or deformation measurements 
Hence, to facilitate interpretation of the strain data in terms off 
stress, it became necessary to have a knowledge of the stress-staimj 
relation of the metal used in car wheels. This relation was determined 
by applying a known load to the metal under test, and measuring the 
corresponding elongation or contraction; then, by calculation from the | 
load and the deformation, were obtained the stress per unit area and 
the strain per unit length, respectively. Measurement of the strain | 
along with a knowledge of the relation between stress and strain 
permitted an evaluation of the stress produced. Accordingly thi 
stress-strain data, and in addition the ultimate strength and modulu) 
of elasticity, were determined for the car wheel and coupon specimens 
obtained. Since the stress-strain relation is dependent largely upon t. 
composition of the metal, chemical analyses were made to determing) 
total carbon, combined carbon, silicon, manganese, phosphorous, anj 
sulphur. Hardness tests, both by the Brinell method and with 
scleroscope, were’ also made in an attempt to associate the quality ¢ 
hardness with other properties of the metal. The origin, shape, any 
treatment of the specimens, together with the results of the chemie¢ 
and physical tests, are shown in Table 1 and in Figs. 1 to 5 inclusiy 

On account of the irregular shape of the wheel (see Fig. 
a and b) in the region between the hub and the inner side of the trea 
it was difficult to remove specimens of any considerable length. F% 


this reason the specimens removed from the wheel and used for t 
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TABLE 1 


PHYSICAL AND CHEMICAL PROPERTIES OF CAR WHEEL IRONS AND CouProns 
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Fig. 1. Origin or Test SPECIMENS AS CuT FROM WHEELS 
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tension tests did not conform to the dimensions recommended by the 
»American Society for Testing Materials. The treatment to which the 
‘specimens were subjected varied. In the case of specimens taken from 
‘the wheel, the removal was made after the wheel had been cooled or 
annealed, as shown in the table. The coupons were cast in sand molds, 
and were either allowed to cool in the sand, or, after solidification, 
were placed in the pit with the wheel they represented. The number of 
specimens already tested is small, but it is hoped that in time a 
sufficient number of like specimens may be subjected to tests so that 


a more complete study of the physical properties of car wheel irons 
may be made. 
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7. Chenical Analyses—The chemical analyses were made in the 
laboratory of the Griffin Wheel Company, Chicago. The amounts 
_of the various elements present in the specimens are shown in Table 1 
and are expressed in per cent. 


8. Stress-Strain Relation.—F or these determinations a 100 000-Ib. 
Riehle Universal Testing machine, using spherical seated holders or 
bearing blocks, was used. The machine was stopped for readings. 

A Ewing extensometer reading directly to 0.000071 in. per in., 
made by the Cambridge Instrument Company, was used in measuring 
‘the strains on the specimens shown in Fig. 2, a and b. For the 2-in. 
‘specimens an extensometer reading directly to 0.000025 in. per in. 
was used, and for the 8-in. specimens an instrument reading directly 
‘to 0.000062 in. per in.* The modulus of cast-iron being a variable, 
pit was thought that the secant modulus} corresponding to a stress of 
5 000 lbs. per sq. in. would permit suitable comparison, and the moduli 
sare thus reported. 

As no two of the specimens, even when cut from the same wheel, 
'gave identical stress-strain relations, and as it would obviously be 
‘impractical to cut a test specimen from cach of the positions in the 
‘wheel at which the strains were measured, it was necessary, in order 
‘to evaluate the stress from the strains as measured on the car wheel, 
‘to deduce two stress-strain curves which might be assumed to be 
‘representative of wheel iron in tension and in compression, respectively. 
For this purpose, the results for the 13 tension specimens, B, to F, 
inclusive, (see Table 1) were averaged, and from the mean a curve 
was drawn. Ina similar way the mean compression stress-strain curve 
as obtained from the 12 compression specimens, EH, to C, inclusive. 
)As stated above, these two curves, Fig. 6, were assumed to show, re- 
spectively, representative tensile and compressive stress-strain relations 
‘for chilled wheel irons, and are the curves upon which the stresses here- 
fter given are based. 


9. Hardness—The hardness by the scleroscope method was 
‘letermined with a Shore scleroscope made by the Shore Instrument 


* An illustration of the latter two instruments is shown in “The Relation between the 
Hastic Strength of Steel in Tension Compression and Shear.’ Univ. of Ill. Eng. Exp. Sta., 
Zul. 115, Fig. 4, p. 12, 1919. 

+ Secant modulus is defined as the slope of a straight line connecting the origin of the 
stress-strain curve and some arbitrarily chosen point on the curve, the curve itself being 
jotted with unit stress as ordinates and unit strains as abscissi. 
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Fig. 6. ASSUMED MEAN StRESS-STRAIN RELATION FOR CHILLED 
WHEEL IRoNS USED IN EVALUATION OF STRESS 


and Manufacturing Company. This instrument measures the hardness 
by the measured rebound of a small weight carrying a blunt diamond 
which is dropped from a fixed height (vertically) on the material. 
The scleroscope data given in Table 1 represent the mean value of 10 
readings taken on each specimen. The apparatus used for the Brinell 
tests was manufactured by Aktiebolaget Alpha, of Stockholm, Sweden. | 
This test consists of forcing, under a definite pressure, a hardened 
steel ball of definite size into a flat plate of the material to be tested, 
and measuring the diameter of the indentation. The Brinell hard- 
ness is a function of the diameter of the indentation thus made. In 
the case of the tabulated Brinell data, they are the average of 3 or 4 
observations using a 12-mm. ball with a pressure of 3000 kg. for 30} 
sec. The average hardness shown by the 36 samples cut from the : 
wheel, Fig. la, at various distances from the center of the wheel is} 
given in Fig. 7. | 
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Fig. 7. MEAN HARDNESS OF 33-IN. 725-LB. CHILLED WHEEL 
AT VARIOUS RADII 


10. General Remarks Concerning Properties of Chilled Wheel 
Trons.—It is recognized that proper application of chemical knowledge 
in the work of the wheel foundry has been an important factor in 
enabling the chilled iron wheel to meet the demands of modern railway 
operation. As a result car wheel manufacturers maintain chemical 
laboratories and control the chemical composition of wheels within 
fairly well defined limits. The railroads, however, with a few excep- 
tions, do not embody chemical control in their specifications, but rely 
Imost wholly on the results of physical tests in the acceptance of 
wheels.* Inspection of Table 1 shows that the chemical composition 
varies at different positions within the wheel. For instance in Table 1 
che specimens, B, to C, inclusive, as removed from the plate of the © 
vheel shown in Fig. 1a, show the following range in the percentage of 
he several elements: 


* Specifications for Cast-iron Car Wheels. Proc. M. CG. B. Assn., Vol. 52, p. 490. 1918. 


KT 
(ee) 


ILLINOIS ENGINEERING EXPERIMENT STATION 


Per Cent 
Total... Gar bor «a sis aoy iain! oo) orm elo sees eet re eee 3.52 to 3.79 
Combined. Carbon: < ...s%..2 . + geo aetniue eects sie eee 0.30 to 0.82 
PSU COD sg isielancisvesece suiaiss9: 0508 ay AoC ete Ren NRE teeMtee ds et eee eee 0.55 to 0.61 
Mariganese:.)<, 55% 6 ssi0.s cru eiaip, bate «i ase pea eee 0.59 to 0.67 
PHOSPHOLOUG' (yo ife o%oisie w nliess tole as yake vette ea Menage eee 0.337 to 0,373 
Sulphur: os. 5 ess ice etnies a aka ess ols ean eR te eee 0.204 to 0.227 


With respect to the importance or effect of these variations no con- 
clusions have been reached. For the same specimens the Brinell 
hardness varied from 110 to 151, while the scleroscope hardness ranged 
from 30.0 to 40.1. The secant modulus of elasticity of the several 
specimens had a minimum value of 15 000 000, whereas the maximum 
value was 28 000000 lb. per sq. in. An appreciable variation from 
23 800 to 29 500 lb. per sq. in. likewise existed in the ultimate strength 
of the specimens when they were tested in tension. In compression, 
the ultimate strength ranged from 62500 to 82900 lb. per sq. in. 
In the three specimens cut from wheel No. 22 121, the average ultimate 
tensile strength, 32 700 Ib. per sq. in., is approximately 23 per cent 
greater than the average, 26 620 lb. per sq. in., found in the wheel 
represented by specimens B, to B, inclusive. Considering the im- 
portant effect that tension plays in the failure of cast-iron, it would 
seem desirable to produce wheels having a high ultimate strength in 
tension, that is, having the property of toughness, provided, of course, 
this could be done without materially affecting the hardness, or the. 
wearing qualities of the metal in contact with the rail. 

If all the specimens given in Table 1 are considered, a varia- 
tion of 100 per cent between the minimum and maximum moduli of 
elasticity in tension is seen to exist. A similar condition also exist 
with respect to the values of ultimate strength which are reported.} 
The compression data likewise show considerable variation in the 
moduli and in the ultimate strengths recorded. This suggests that th 
metallurgy of wheel irons still offers a fertile field for improvement 
in quality, in order that wheels may meet the probable demands 0 
future railway service. 

No distinct relation was found between the ultimate tensil 
strength and the Brinell or scleroscope hardness, nor could a constan 
relation be determined between the Brinell and scleroscope hardness. 
This latter fact is readily apparent from inspection of Fig. 7. Ove 
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‘the distance 4 to 14 in. from the center of the wheel, the ratio of 
| Brinell to seleroscope hardness is approximately 115 to 36 or 3.2, 
whereas at a radius of 16.5 in., that is, on the tread of the wheel, this 
‘ratio is 5.3. This figure also strikingly indicates that the extreme 
‘hardness produced by chilling is confined to the tread, and that 
the metal in the plate is relatively soft and of nearly uniform hardness. 
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IV. Apparatus AND Metruops Usep in Mountina 
AND Static Loap Tssts 


11. The Strain-Gage, and Its Use in Measuring Strains in Car 
Wheels—In the determination of strains developed by the various 
methods of stressing a car wheel, measurements were taken thereon in 
both radial and tangential directions with a Berry Strain-Gage 
illustrated in Fig. 8. : 

This gage consists of a frame carrying a fixed cone-shaped point, 
a multiplying lever, and an indicating dial. The short arm of the 
multiplying lever also carries a cone-shaped point, and the long arm 
of the lever actuates the plunger of the dial. This instrument meas- 
ures the change of the distance between two small holes. These holes 
are the extremities of a gage-line along which the strain is desired. 
In making observations with the strain-gage, the cone points are 
inserted in the gage holes and the dial readings noted for each of 
the gage-lines on the wheel. These readings are first taken with the 
wheel in an unstrained condition. Another series of observations is 
then taken on the same gage-lines with known loads on the wheel. 
The difference between the initial and final readings divided by the 
product of the gage length and the multiplication ratio (as obtained 
by calibration) of the strain-gage lever, gives the actual unit strain for 
the load in question. 

As a formula this expression becomes: 

Ri — Ry 
e = —_—_ 
lxm 
where e = unit strain; 

R; = initial reading of the dial; 
R,= final reading of the dial; 
1 = length of gage-line ; 
m = multiplication ratio of strain gage. 


The relative values of R; and #&,, together with a consideration 
of the characteristics of the strain-gage used, indicate whether the 
strain is tensile or compressive. From the unit strain thus found 
and by reference to the stress-strain diagrams, Fig. 6, an approximate 
value of the corresponding simple stress, variously called the ‘‘true 
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_ stress,’’ ‘‘reduced stress,’’ or ‘‘ideal stress,’’ is determined. Through- 


out this report any stress mentioned is in terms of the corresponding 
simple stress, or the stress that would exist if the metal were subjected 
_ to simple tension or compression and deformed to a degree equal to 
the measured strains. Both the initial and final strain-gage observa- 
‘ tions were taken in terms of a standard gage-line called a standard 
bar. This bar was made of the same material, in this case cast-iron, 
as that in which the strain was desired, and its use provided a means 
of compensating for changes in temperature of the material being 
tested and progressive changes due to other causes. It also furnished 
_a check for noting any changes that might occur in the relative position 
of the dial and frame of the strain-gage. In these tests the gage-lines 
-were established in both radial and tangential directions on the 
'wheel by drilling holes 0.055 in. in diameter, approximately 1/16 
‘in. in depth, and 2 in. between centers. The instrument used had a 
dial graduated to 0.001 in. and a multiplication ratio of five. Hence 
‘the unit strain could be read directly to 0.0001 in. per inch, and by 
‘estimation to 1/10 of this figure. 
Throughout the report certain gage-lines are shown for which no 
‘strains are given. For these the readings were not taken. The omis- 
sions are due to the fact that the intial strain-gage readings, i. e., 
‘those taken with the wheel in an unstrained condition, could not be 
‘duplicated when several trials were made. This was due to slight 
‘imperfections in the gage holes, to scale on the metal, ete. Since all 
‘the measured strains are dependent on these initial readings, the 
reliable readings were discarded and no further observations were 
made on these gage-lines. 


12. Preparation and Methods of Testing Wheels for Determina- 
tion of Strains Due to Mounting and Static Loads.—A pair of wheels 
was prepared with gage holes determining lines in both radial and 
angential directions and on several radii. With the strain-gage, read- 
ings were taken on each of the gage-lines before mounting the wheels 
n the axle. The two wheels were then pressed upon the seats of a 
standard 51,4-in. by 10-in. M. C. B. axle in a 600 000-lb. Riehle testing 
achine. Autographic diagrams of the pressure during mounting 
were taken. After mounting, observations on each of the gage-lines 

ere again made, and, as stated above, the differences, after proper 
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corrections, between the latter readings and the initial readings are 
measures of the unit strains. 

After the strains incident to mounting had been determined, the 
wheels were placed in the testing machine, as shown in Fig. 9, and 
subjected to various known statie loads. 

For each of the static loads thus applied a complete series of 
strain readings was taken. In this case the difference between the 
initial readings, the observations taken before mounting, and the 
observations at the load in question, is the total strain in the wheel 
caused by the combined effects of mounting and the static load. It 
will be noted that, exeept for the inversion of the wheel and rail, the 
apparatus arranged for the statie tests loads the wheel in the same 
manner as in actual service. 


on 
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V. Resuuts or MountrinGé AND Sratic Tests 


13. Corresponding Simple Stresses in Two 33-in, 725-lb. M. C. B. 
Wheels Due to Mounting Wheels on Axle, together with Combined 
Effects of Mounting and Static Loads——The location of the gage- 
lines on these two wheels is shown in Figs. 10 and 11 and the 
gage-lines are designated as follows: the radial lines on which the 
gage-lines are located are lettered A to H, and these letters become the 
first figure in the designation; the relative position of the gage-line 
on the radius is next indicated by a numeral, which in turn is followed 
by either the letter R or 7, signifying respectively a radial or a 
tangential gage-line; thus B4R denotes the gage-line or radial B, 

- fourth from the tread and in a radial direction, and B47 indicates 
the gage-line similarly located but in the tangential direction. 

The pressures required to mount the wheels on the axle together 
with the fit allowance are shown in Fig. 12, while the equivalent 

simple stresses resulting therefrom are given in Figs. 13 and 14. 

Diagrams similar to Fig. 12 are regularly taken by. both the 
' manufacturers and railroads when mounting wheels. They serve as a 
check against placing improperly mounted wheels in service. With 
_ wheels properly fitted, this curve will show a nearly uniform increase 
in the pressure required for forcing the wheel on the axle from the 
instant the axle enters the wheel up to its final position. In addition, 
the final pressure as recorded indicates whether the recommendation 
of the M. C. B. Association in this respect has been fulfilled. If this 
pressure is much below that recommended, there is a possibility of 
the wheel becoming loose on the axle; whereas, if it is in excess of 
that recommended, cracked wheels may result. In view of these facts 
_ considerable attention is generally given to the final pressure required. 
_ For this type of wheel the M. C. B. Association specifies a final 
pressure ranging from 45 to 65 tons. The pressures recorded in the 
tests were 45.8 and 61.5 tons, or within the allowable range. Attention, 
_ however, is called to the fact that for a wheel seat diameter of 7 in. and 
a hub length equal to 7 in., the manufacturers’ practice is to make the 
fit allowance 0.011 to 0.017 in., which results in a range of mounting 
pressures of about 45 to 65 tons. It will be noticed that the allowance 
on wheel No. 671237 was 0.021 in., and the mounting pressure at a 
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Fig. 12. AuTOGRAPHIC DIAGRAMS OF PRESSURES REQUIRED 'TO 
Mount Two 33-1n. 725-LB. WHEELS ON AXLE 


speed of 0.4 in. per minute was 61.5 tons; i.e., the allowance was 2: 
per cent greater than the manufacturers’ maximum allowance, whil 
the pressure required was 5 per cent less than might be recorded by 
commercial types of wheel presses, which, however, operate in som 
cases at much higher speeds. Likewise, in wheel No. 671 449 the fi 
allowance equalled the manufacturers’ maximum, and in commercia 
work the expected pressure would be about 65 tons. ‘The maximun 
recorded pressure for this wheel, however, was about 45.8 tons, o 
roughly equal to that which would oceur with the minimum fit allow 
ance of 0.011 in. <A similar condition existed in later mounting tests 
This apparently indicates that the pressure required to mount th 
wheel is a function of the mounting speed. It is also probable tha 
the magnitude of the mounting pressure is dependent on the alignmen 
of the wheel bore and axle during mounting. As no spherical block 
were used in these tests when mounting the wheel—nor are they use 
on wheel presses—it is possible that the maximum recorded mountins 
pressures are higher than would be the case if perfect alignmen 
between bore and axle existed. Hence it would appear that fit allow 
ance might be a better criterion for mounting wheels than pressur 
where the mounting speed falls considerably outside the range o 
speeds customarily used in wheel shops, and in cases where poor aligi 
ment may occur. Under no circumstances, however, would it b 
advisable to discontinue the use of the final mounting pressure as 

check against the placing of improperly fitted wheels in service. 
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In the ease of wheel No. 671 237 the maximum tensile unit strain, 
due to mounting (Fig. 13), was on gage-line B47 on the B radial of 
the outer face. The magnitude of this strain was 0.00222 which 
corresponds to a simple tensile stress of 17 400 Ib. per sq. in. Inspece- 
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Fig. 13. CorrEsPpoNDING StmpLE Unit Stresses IN 33-1n. 725-Lz. 
M. C. B. WHEEL No. 671 237 CausED BY MouUNTING ON AXLE 


proximity to a chaplet, and this may partially account for the large 
' value. On the inner face the same value is nearly reached on gage- 
{ line H5T where the strain was 0.00218, and the simple tensile stress 
_ corresponding thereto is 17300 lb. per sq. in. With respect to the 
7: mpressive strains the maximum was on the outer face on gage-line 
3R and equalled 0.00127, which corresponds to a simple compressive 
tress of 17600 lb. per sq. in. This is in the region near the 
tersection of the inner and outer plates. A relatively short radius 
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of curvature, 3 in., exists on a portion of this gage-line, so that curved 
plate action may partially account for the values found in this 
region. 

Fig. 14 presents the corresponding simple unit stresses produced 
in wheel No. 671449 by mounting. A greater number of strain meas- 
urements were made on wheel No. 671449, and a better idea of the 
magnitude of the stresses produced by forcing the wheel on the axle 
is possible than in the case of wheel No. 671237. On the outer fac 
the larger tangential or ‘‘hoop’’ stresses are in general near the bore 
and they decrease toward the rim. This is readily apparent on radii 
G and H, and indicates a distribution of stresses which would b 
expected. There are, however, variations from this arrangement o 
distribution along radial lines A, C, and D. On these lines the tangen 
tial stress does not at all points show a decrease from bore to rim; a 
certain, points the stresses are slightly greater than at other point 
nearer the bore. Bearing in mind, however, the fact that cast iro 
from the ordinary cupola cannot be east so as to be of uniform strength 
as was evidenced by the results of the previously mentioned test 
made on specimens cut from various parts of the wheel, such variation 
could have been anticipated. Similar conditions occur on the inne 
face with respect to the tangential stresses. On this wheel the maxi 
mum recorded tensile strain occurred on the inner face in gage-lin 
A5T. Its value was 0.00161 and the corresponding stress is 15 70 
Ib. per sq. in. A study of the radial strains, Fig. 14, on the outer fae 
of wheel No. 671449 reveals a distribution similar to that found i 
wheel No. 671 237. On all of the radial lines a tendency towards 
concentration of stress appears on the outer face on gage-line 3R, 0 
near the intersection of the inner and outer plates. The maximu 
recorded strain occurred on gage-line H3R, and was equal to 0.00116 
corresponding to 16 500 lb. per sq. in. On the inner face the stresse 
on both the radial and bracket gage-lines are in general compressiv 
and of relatively small magnitude. 

After being mounted, the wheels were subjected to static load 
up to 200 000 lb. per wheel, or about 10 times the load they would b 
subjected to in practice. The maximum stresses in wheel No. 671 449 
caused by combined mounting and static loads, are shown in Figs. 1 
and 16. In Fig. 15 are shown the corresponding simple stresse 
caused by superimposing the effects of static loads, ranging fro 
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Tangential Stress in Gage Lines, Suffix T 
@mm 2adial Stress in Gage Lines, Suffix R 
Bracket Stress .in Gage Lines, Subscript b 


I per perce ae 


Stress-To Right of Base Line is Compression,To Left of Base Line is Tension 


bes Fy 


Inner Face 


Fig. 15. CorRRESPONDING SIMPLE UNIT STRESSES IN 33-IN. 725-LB. 
M. C. B. WHEEL No. 671449 Dur to ComBINED EFFrEctTs oF 
MounNTING AND Static Loaps. Loaps APPLIED ON A RADIAL 


the wheels for wheel loads above 40 000 Ib. In the tests represented bf} 
Fig. 15 the load was supplied on the A radial gage-line, 1. e., the severd 
loads were transmitted from the axle along this radial gage-line to th} 
rail. The strains along this radial gage-line were larger than the strain} 
along the other radial gage-lines; consequently, presentation of figur¢ 
relating to the strains along the other radial gage-lines has b 
omitted from the discussion. In Appendix B, pages 81 to 85, Tabl 
2, 2a, 3, and 3a, there are presented in tabular form the numeric§_ 
values of the strains measured on the various radial gage-lines ¢_ 
wheels No. 671 237 and 671.449: Fig. 16 presents for wheel No. 671 
information similar to that in Fig. 15, except that for Fig. 16 t 
static loads were applied along the G radial gage-line. 
With respect to the radial gage-line along which the load 
applied, the stresses due to a static load, when imposed upon th 
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co /angential Stress in Gage Lines, Suffix T 
mag Aadial Stress in Gage Lines, Suffix R 
Outer Face 


530 babel 
Inner Face 


Stress-To Right of Base Line is Compression. 
To Left of Base Line is Tension 
Fig. 16. CorkRESPONDING StmpLe Unit’ STRESSES IN 33-IN. 725-LB. 


M. C. B. WuHrrt No. 671449 Dur to ComBINED EFFECTS oF 
MOUNTING AND Static Loaps. Loaps APPLIED ON G@ RADIAL 


¥ 
‘caused by mounting, are similar in kind to those of mounting, 1. e., 
“compressive on the radial and tensile on the tangential gage-lines. In 
ordinary practice the 33-in. 725-lb. wheel of this type may be subjected 
ito a load not exceeding 20125 lb. With a static load of 21000 lb. 
ithe stresses are but slightly different from, and may be either greater 
or less than, those of mounting. This indicates that mounting is a 
much more important factor in producing stress than the maximum 
car load—neglecting impact and indirect effects—to which wheels 
re subjected in normal railroad service. With the static load equal 
to 200 000 Ib. applied on the radial gage-line A, the maximum unit 
ensile strain due to the combined effects of mounting and load, was 
found to be on the tangential gage-line A57 on the inner face of the 
heel, and to be equal to 0.00185. The corresponding unit stress is 
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16 500 lb. per sq. in., or an increase of only 800 lb. per sq. in. above 
that caused by mounting alone. The maximum increase in tensile} 
strain occurred on the tangential gage-line G17 on the outer face when 
the 200 000 lb. load was applied along the G radial. For this loading, 
the increase in unit tensile stress on the several gage-lines over that 
due to mounting was as follows: 


Inerease in Tensile 


Gage-Line, Outer Face Stress per sq. in. 
GAT? ot Risse suetein'e shes the ret etelt ace oh Serene IS oe ee 10 500 Ib. 
CD MEER hae er ioc cos BOO een ob sae 9100 Ib. 
GOD had ha ete SoG cid re ae oe eee oe ees eee renner 6900 Ib. 
(Or f OCAMPO On OO USO L SOC 5 SooanMude 30056 4700 lb. 


As gage-line G17 was nearest the tread and G4T nearest the hub, 
these figures indicate that the influence of the static load decrease: 
as the distance from the rail becomes greater. As a whole the observa 
tions relating to stresses produced by the static loads indicate that the 
influence of these loads (as expressed by increase of the tensile 
stresses) decreases as the distance from the rail toward the axl 
increases, although occasional exceptions to this rule occur. 

Slightly different conditions exist on the radial gage-lines wit 
respect to magnitude and distribution of the stresses. On the radialj 
gage-lines the stresses are compressive, and the variations over th 
G radial gage-line for the corresponding 200 000-lb. load were: 


Increase in Compressive 


Gage-Line, Outer Face Stress per sq. in. 
GLB ie Daca Os Coes Ecce eee leaitiy Bay Aa eee Gere eee 15 000 lb. 
GER. eeats Sa ae caste te states G Peucvelel oranckels iota eens ol eter stone aie 13 300 Ib. 
GEL a 5ia.sdra hola tbhsweigie bin Nemes Oat ete ek sere ayer nee else eee 13 800 lb. 
Oey | SOARED SOO OD NOSo ODI das ods ooh eminS Marcin 7 400 Ib. 


Here again the maximum increase in stress occurs nearest the trea 
and the minimum increase nearest the bore. It will be recalled tha 
in mounting, the opposite condition was found; namely, that th 
ereatest stress occurred at the bore and the least at the tread. It i 
further evident from the above figures that the variation in stress i 
the radial direction differs from that in the tangential direction in tha 
the latter shows an almost uniform decrease in the intensity whe 
traversing the section from G17 to G4T, while in the former no sue 
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uniform decrease occurs. For the combined effect of mounting and the 
200 000-lb. static load the maximum recorded compressive strain was 
on radial gage-line G3R, and amounted to 0.00267. The corresponding 
simple compressive stress is 25 600 Ib. per sq. in., or 13 800 lb. greater 
than the stress produced by mounting alone. The results on which 
Figs. 13 to 16 inclusive are based, together with the measured strains, 
are given in Appendix B, Tables 2, 2a, 3, and 3a. Figures simliar 
to Figs. 15 and 16, which relate to wheel No. 671449, are not 
submitted for wheel No. 671 237, due to the fact that the measurements 
of strain taken during the mounting test of wheel No. 671 237 were 
so meagre; the numerical values of these, however, are given in 
Appendix B, Table 2a. 
In summarizing, these tests would indicate that, directly, the 
_ wheel load of ordinary service does not materially alter the existent 
strains caused by mounting, although, indirectly, the wheel load 
is a factor in producing stress, due to the bearing it has on flange 
pressure, impact, etc. Load application results in increasing the com- 
pressive strains already existent in the wheel to a greater extent than 
it increases the tensile strains. It is further evident that in the absence 
of speed and track curvature, very heavy wheel loads may be sus- 
tained without greatly increasing the magnitude of the tensile stresses 
_ which were produced by mounting. 


14. Corresponding Simple Stresses in Two 33-in. 740-lb. Arch 
_ Plate Wheels Due to Mounting Wheels on Azle, together 
with Combined Effects of Mounting and Static Loads—From the 
' results of the tests on the wheels mentioned in the preceding section 
it was impossible to determine the exact position of either the maximum 
' tensile or the maximum compressive stress. Furthermore, the rel- 
i atively small number of strain lines prevented a clear conception of 
the stress distribution across the wheel section. Accordingly, in sub- 
jecting a pair of 33-in. 740-lb. Arch Plate wheels to the mounting and 
Static load tests, they were prepared with approximately twice as many 
| gage-lines as were used on the previously tested wheels. This was 
- done by placing the 2-in. gage-lines 1 in. apart, instead of 2 in. apart 
_ as in the former tests. The locations of the gage-lines on wheels Nos. 
04 474 and 04476 are given in Figs. 17 and 18 respectively. The 
System used for identification of the gage-lines is shown in the figures, 
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and is similar to that used on the 33-in. 725-lb. wheels* except that the 
gage-lines are numbered from the hub outward to the tread. 


aed 

8 Whee! Number 04474 04476 
S Nordnal Gore 7042. 70in 
700,000} Fit Allowa/nc@ §=§=0024ir, 0023 in. 


ar 


VWourtig Fr esst 
® 
IS 
8 


Mounting Speed Imin ad¢/min 


v7) ve 2 ZF ¢ Ss 

Distance of Embeamery lt7 (nches 

Fig. 19. AvTocraPHic DIAGRAMS OF PRESSURES REQUIRED TO 
Mount Two 33-1n. 740-LB. ARCH PLATE WHEELS ON AXLE 


In Fig. 19 are given the fit allowance, the mounting speed, and 
the pressure required to force the axle into the wheels. It will be 
noticed that the mounting speed of wheel No. 04 474 is 2.5 times that 
of wheel No. 04476. The results on the 725-lb. M. C. B. wheels sug- 
gested that the speed of mounting might be a factor in the magnitude 
of the final pressure. Although wheel No. 04474 had the higher 
pressing speed, yet its higher recorded pressure can hardly be ascribed 
to this cause, as the slightly greater final pressure, 4.2 tons, may have 
been due to other factors, such as fit allowance, character of wheel 
material, ete. A series of tests with a greater variation in speed 
would probably be necessary to satisfactorily answer this question. 

The corresponding simple stresses caused by forcing the wheels on 
the axle are shown in Figs. 20 and 21. The values of the stresses 
are based on the measured strains and the assumed stress-strain rela- 
tion given by Fig. 6. If the stress at some particular radius is taken, 
it will be noticed in Figs. 20 and 21 that there may be a considerable 
variation between the maximum and the minimum values occurring 
on the several radial gage-lines A to H. As a result of this, the varia- 
tions in the intensities of the stresses on one radial gage-line may be 
entirely different from the variations on another, although adjacent. 
To obtain a diagram of the stress distribution across the section of 
the wheel, more representative of the wheel as a whole and better for 
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purposes of comparison, the measured strains on the several radii at 
corresponding distances from the center of the wheel were averaged. 
The corresponding simple stresses for these average strains were then 
determined and plotted, as shown in Figs. 22 and 23. This method of 
determining the average stresses gives somewhat higher values than 
would be obtained by averaging the stresses corresponding to the 
measured strains. 

Inspection of Figs. 22 and 23 immediately suggests the stress 
distribution across the section. The stresses on the tangential gage 
lines on both the inner and outer faces are tensile, largest near the 
bore and decreasing towards the tread. No such simple arrangement, 
however, exists in the stresses produced on the radial gage-lines. On 
these lines on the outer face when traversing the section from bore to 
tread a relatively small stress, either compression or tension, exists 
on gage-line 2R, and the character of the stress then becomes com- 
pressive, reaching a maximum on either 4R or 5R—just previous to 
the joining of the inner and outer plates—after which the compressive 
stress again decreases. On the radial gage-lines 2R on the outer face 
of wheel No. 04474, Fig. 20, the strain is an elongation, contrary to 
what might be expected. The reason for this condition is not apparent 
but it is perhaps due to a bending action at that point producing 
tension of a magnitude sufficient to change the compressive stress 
due to mounting into a tensile stress. On the outer face of both 
wheels the variation in the radial stresses in the regions represented 
by gage-lines 2R to 5R inclusive suggests’ a condition of bending 
combined with compression due to mounting. 

On the inner face of wheel No. 04474 the effect of bending is 
evident on the radial gage-lines. The stress on these lines is com- 
pressive and reaches a maximum at the bore. As the radial distance 
from the center increases, the stress decreases until a minimum is 
reached near 4R, after which it increases up to 7R. Beyond 7R no 
readings were obtained because of the interference of the wheel 
brackets with the strain gages, but it is reasonable to assume that a 
decrease in stress will develop soon after 7R is passed. The compar- 
atively short radii of curvature in this portion of the wheel without 
doubt greatly affect any bending action which takes place and are 
largely responsible for the variation occurring in the magnitude of 
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the stresses. Similar conclusions may be reached with respect to the 
*stresses on the radial gage-lines on the inner face of wheel No. 04 474 
as shown in Fig. 22. 

In wheel No. 04 474 the maximum average tensile and compressive 
strains are 0.00194 and 0.00084, located on tangential gage-lines 17’ 
of the inner face, and radial gage-lines 5R of the outer face, respect- 
ively. The corresponding tensile stress is 16 800 lb. per sq. in. and the 
corresponding compressive stress 13 000 lb. per. sq. in. In the other 
wheel, No. 04 476, the positions of the maximum average tension and 

’ compression are identical with those of wheel No. 04474. The tensile 
stress, however, is 16 000 lb. per sq. in., i. e., slightly lower than in 
wheel No. 04 474, while the compressive stress is 13 700 lb. per sq. in., 
or 700 lb. higher than in wheel No. 04474. The fit allowance on these 
two wheels differs by only 0.001 in. and a close agreement exists both 
as to magnitude and location of the maximum strains or stresses 
caused by mounting. 

These wheels were also subjected to loads equalling 200000 Ib. 
per wheel, and the combined effects of mounting and the various static 
loads are shown in Figs. 24 to 27, inclusive. The corresponding 
numerical values are tabulated in Appendix B, Tables 4, 4a, 5, and 5a. 

From the diagrams showing the combined effects of mounting and 
static loads, Figs. 24 to 27, inclusive, it is evident that the metal 
‘in a radial direction on the outer face of the wheel is in general in 
compression. An exception to this occurs on gage-line 2R, where 
tension is indicated under several loads. Here again the tension is 
probably due to flexure in conjunction with the direct thrust of 

_ mounting. It will be noticed in addition that the intensity of the com- 

pressive stress on the outer face exceeds that on the inner face, this 

' fact indicating that the static load is transmitted from rail to hub 
mainly through the outer plate, while the smaller portion of the load 
is carried through the inner plate. In general the magnitude of the 
tensile stress is slightly greater on the inner plate of the wheel than 

on the outer plate. In the curved portion bending assists in the 

- production of tensile stress. The maximum compressive stress due to 

- combined effects of mounting and static load may occur on either of 

_ the radial gage-lines 4R or 5R on the outer face, ie., at a point in 

the outer plate just before it is joined with the inner plate. The 
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co 7angential Stress in Gage Lines Suffix T 
weg Aadial Stressin Gage Lines Suffix R 


\ AAT 
a 


Stress-To Right of Base Line is Compression,To Left of Base Line is Tension 


Fig. 24. CorRESPONDING SIMPLE UNIT STRESSES IN 33-IN. 740-5 
ARCH PLATE WHEEL No. 04474 Dur To ComBINED Errects 
OF MOUNTING AND Static Loaps. LoAps APPLIED ON 
A RADIAL 


maximum tensile stress is found on either of the tangential gage-lines 
1T or 27 on the inner face, that is, in the region of the hub. The 
conclusions to be drawn from the tests on these wheels are similar to 
those reached with regard to the 33-in. 725-lb. M. C. B. wheels— 
namely, that under load 


(1) the strain or stress due to static load is similar in 
kind to that of mounting, i. e., compressive on the radial gage- 
lines and tensile on the tangential gage-lines ; 


(2) static load increases the magnitude of the compressive 
stresses on the radial gage-lines to a greater extent than it increases 
the magnitude of the tensile stresses on the tangential gage-lines; 

(3) for the normal service load the maximum strains or 


stresses are not greatly different from the maximum strains or 
stresses due to mounting ; 


on 
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(4) abnormally heavy wheel loads may be sustained in the 
absence of such other factors as side thrust, impact, etc., without 
greatly increasing the intensity of the tensile stresses over values 
already existent through pressing the wheel on the axle. 


co /angential Stress in Gage Lines Suffix 1 
mmm Aaa! Stress in Gage Lines Suffix R 
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Stress-To Right of Base Line.is Compression,To Left of Base Line is Tension 


Vic. 25. CorrESPONDING SIMPLE UNIT STRESSES IN 33-IN. 740-LB. 
ARCH PLATE WHEEL No. 04474 Dur To ComBINED EFFECTS 
or MouNTING AND Static Loaps. Loaps APPLIED ON 
C RADIAL 


It would have been desirable to examine the relative ability 
of the two types of wheels, as represented by the 725-lb. M. C. B. 


wheel and the 740-lb. Arch Plate wheel, to withstand the stresses 


produced by forcing the wheel on the axle and by the application 


of load. Due to their different fit allowances, however, and also 


to the relatively few strain measurements made on the 725-lb. 


wheels, no satisfactory comparison along these lines has been found 
possible, 


bien 
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Fig. 26. CoRRESPONDING SIMPLE Uyit Srressrs IN 33-1In. 740-zu. 
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co /angential Stress in Gage Lines Suffix T 
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Fic. 27. CoRRESPONDING UNIT STRESSES IN 33-IN. 740-1B. 
ArcH PLATE WHEEL No. 04476 Dur To CoMBINED EFrrects 
or MountTING AND Static LoAps. LoAps APPLIED ON 
G RADIAL 
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VI. Resuuts rrom AppitionaL Mountine TEsts 


15. Preparation of Wheels for Mounting—In order to determine 
in greater detail the effect of mounting, two 33-in. 625-lb. M. C. B.. 
and two 33-in. 725-lb. M. C. B. wheels were subjected to this type of 
test. In forcing a wheel on an axle it is reasonable to expect higher 
stresses near the bore than at points distant from the bore. In the 
preceding tests it was impossible to take measurements at points less 
than 34 in. from the bore. This condition arose through interference 
of the axle with the strain gage. To overcome this interference and 
thereby allow measurments to be taken in close proximity to the 
bore, the wheels were mounted on stub, or short, axles whose length 
equalled the thickness of the wheel at the bore. The location of the 
gvage-lines on the several wheels is shown in Figs. 28 to 31, inelusive. 
The additional gage-lines in the hub region will be noticed. By the 
use of these stub axles it was possible to get measurements relating to 
tangential stresses within 3/16 in. of the bore, and from these to get 
an estimate of the intensity of tangential or ‘‘hoop’’ stresses at the 
bore. To determine the intensity of stress in the region of the core 
holes on the inner face of the wheels, a few gage-lines were placed near 
certain core holes. These gage-lines are shown on the various figures. 
For a similar reason one of the wheels, No. 49317, had gage-lines 
on the outer face in the vicinity of the chaplets. 

In the case of the previously tested wheels the fit allowances were 
so nearly alike in each of the pairs of wheels tested that nothing as 
to the effect of fit allowance for a certain type of wheel could be 
determined. Accordingly, for the tests about to be described, certain 
fit allowances were chosen so that information might be obtained with 
regard to the effect of this factor. 


16. Corresponding Simple Stresses Due to Forcing Two 33-in. 
625-lb. M. C. B. Wheels, with Different Fit Allowances, on Aaxles.— 
The autographie diagrams taken while mounting these wheels are 
given in Fig, 32. Wheel No. 809 711 had a fit allowance of 0.009 in. 
and the maximum pressure was 14.4 tons. For this fit, the wheel was 
bored smooth with a tool of large radius, feed being approximately 
1/27 in. per revolution. The allowance in mounting wheel No. 822 269 
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Fig. 32. AUTOGRAPHIC DIAGRAMS OF PRESSURES REQUIRED TO Mount 
Two 33-IN. 625-LB. M. C. B. WHEELS ON AXLE 


was 0.020 in., and the final pressure recorded was 34.6 tons. This 


wheel was also bored smooth and the axle showed no evidence of 


filing, the tool marks being plainly visible and indicating a feed of 
1/14 in. per revolution. The rate of mounting was 0.4 in. per min. 


in both eases. 


The stresses set up on the various gage-lines of these two wheels 


are given in Figs. 33 and 34. The numerical results on which these 
figures are based are given in Appendix B, Tables 6 and 7. Here 
again variation exists in the intensity of the stress at uniform distances 


from the center, but on different radial lines.. The stresses in wheel 


No. 822 269 are higher than those of wheel No. 809 711, a condition 
which would be expected, due to the fact that the former wheel had 


the larger fit allowance. In these two wheels the measurements were 
made on four radial lines. The four series of strain readings taken 
on the four radial lines were averaged and the corresponding stresses 
plotted in Figs. 35 and 36 in order to obtain a more representative 
diagram showing the variation of stress from point to point, and the 
effect of the different fit allowances. A comparison of these figures 
plainly shows the larger stresses in wheel No. 822 269 caused by the 


larger fit allowance. The trend of the variation in stress from bore to 


tread is not as clearly evident in Fig. 35 as in Fig. 36 on account of 
the relatively small values of the stresses shown in Fig. 35. Inspection 


. 
' 


; 


of Fig. 36, however, suggests substantially the same conclusions as 
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Co langential Stressin Gage Lines Suffix T 
wm Acadia! Stress in Gage Lines Suffix R 
Bracket Stress in Gage Lines Subscript 
Outer Face 
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Maximum Mounting Pressure -/4.4 Tons 


Fic. 33. CORRESPONDING SIMPLE UNIT STRESSES IN 33-IN. 625-LB. 
M. C. B. WHEEL No. 809 711 CausEp By MouNTING ON AXLE 


were drawn in connection with the mounting tests previously dis- 
cussed. 

(1) The tangential or hoop stress on the outer face is 
tension and reaches a maximum at the bore; this stress decreases in 
intensity as the radial distance from the bore increases. 

(2) In a radial direction on the outer face the stress is 
compression and similarly is a maximum at the bore, and, as the 
radial distance from the bore increases, its magnitude at first 
decreases, then increases up to a point near the intersection of the 
inner and outer plates, beyond which a decrease again occurs. 

(3) The tangential stress on the inner face is tension and 
varies in a manner similar to that on the outer face, except that 
the decrease is not as uniform. 
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(4) In the radial direction on the inner face the stress is 
compressive, reaching a maximum at the bore, and as the radial 
distance from the bore increases the stress decreases until near 
the intersection of the inner and outer plates, where a tendency 
towards an increase, or an actual increase, occurs; beyond this 
region the stress again decreases. 


(5) The tensile stresses on the tangential gage-lines adjacent 
to the core holes on the inner plate are almost equal in value to 
those on the tangential gage-lines nearest the bore. The stresses 
in the brackets caused by mounting are relatively insignificant. 
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17. Corresponding Simple Stresses Due to Forcing Two 33-in. 
725-lb. M. C. B. Wheels, with Different Fit Allowances, on Axles.—For 
this test, wheels Nos. 49 317 and 49 305 had fit allowances of 0.0095 
and 0.0136 in. respectively, while the corresponding final pressures 
were 39.9 and 43.0 tons. The rate of pressing was 0.4 in. per min. in 
each case. The mounting diagrams are shown in Fig. 37. As in the 
ease of the 625-lb. wheels, one axle was filed smooth and the other 
retained the tool marks. As far as the stresses produced by mounting 
are concerned, there was nothing in these tests that would indicate 
the relative effects of a smooth or a rough axle. In Figs. 38 and 39 
are shown the stresses corresponding to the measured strains caused 
by mounting. The corresponding results are presented in Appendix 
B, Tables 8 and 9. Appendix B also presents results for the average 
effects which are shown in Figs. 40 and 41. Although differences exist 
in the relative ability of the 625 and 725-lb. wheels to withstand the 
stresses produced by mounting, yet there is a marked similarity in the 
location of the maximum and minimum stresses. The conclusions to 
be drawn with reference to the 725-lb. wheel are in general identical 
with those for the 625-lb. type as given in Section 16, page 58 of this 
bulletin. In. addition, Fig. 40 shows that the intensity of the tensile 
stress on the tangential gage-lines in the regions of the chaplets on 
the outer face nearly approaches that occurring at the bore. 
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Fig. 38. 
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VII. Summary or CoNcLusIONSs 


The results recorded in the previous pages may be summarized as} 
follows : | 
(1) The tensile strength of the metal taken from different} 
parts of the plates of three wheels ranged from 23 300 to 32 800 
lb. per sq. in., and the modulus of elasticity ranged from 14 to 
28 million lb. per sq. in. It is probable that these variations may} 
be explained by variations in chemical composition of the several} 
specimens, and variations in the treatment of the wheels after 
casting. Whatever be the reason, however, they suggest that a 
study of the metallurgy of wheel irons offers possibilities of} 
improvement by which the higher values obtained in these tests} 
might be consistently maintained or possibly exceeded. 

(2) No distinct relation was apparent between the ultimate 
strength of wheel iron and either the Brinell or the scleroscope} 
hardness, nor could a constant relation be determined between the} 
Brinell and secleroscope results. 

(3) In forcing the 625-lb. and 725-lb. M. C. B. or Washburn 
type of wheel on an axle the maximum tensile strain or stress is a 
tangential or ‘‘hoop’’ strain or stress occurring at the bore, and 
it may be on either the inner or the outer face of the wheel. 

On the outer face of this type of wheel in a radial direction 
the strains or stresses are compressive. They are a maximum at 
the bore and, in traversing the section of the wheel from the bore 
toward the tread, they decrease up to a point where the radius} 
equals the mean radius of the core, beyond which an increase }) 
occurs up to a point at or near the intersection of the inner and} 
outer plates, after which a decrease again occurs. 

On the inner face in a radial direction the strains or stresses } 
are likewise compressive and a maximum at the bore. If a similar} 
traverse be made across the section, these strains or stresses de- 
crease up to a point where the radius equals the mean radius of } 
the core; they are then of approximately uniform intensity up 
to a point whose radius is equal to the outer radius of the core; 
beyond this point they again decrease. 

(4) In pressing the 740-lb. Arch Plate wheels on the axle, 
the maximum tensile strain or stress was a tangential strain or 
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stress on the inner face and at the bore. In general the tensile 
stresses on either face of the wheel were a maximum at the bore 
and decreased toward the tread. 

With respect to the strains or stresses in a radial direction on 
the outer face, no measurements were taken in close proximity to 
the bore, and accordingly nothing definite can be stated concerning 
their intensity in this region. However, the strain in a radial 
direction taken nearest to the bore was relatively small and was 
tension in one wheel and compression in the other. This fact may 
be due to bending action in conjunction with the thrust of mount- 
ing. As the tread was approached, the strains and hence the 
stresses became compressive and of increasing intensity, reaching 
a maximum at a point whose radius was equal to the mean radius 
of the core, beyond which they again decreased. 

On the inner face over the region investigated, the strains 
or stresses in the radial direction were compressive, reaching 
the maximum nearest the bore and decreasing to a minimum at a 
point whose radius was equal to the mean radius of the core, 
after which they again increased. 

(5) In the regions of the chaplets and core holes, pressing 
the wheel on the axle causes tensile strains in a tangential direction 
which are of lesser intensity than, but approach in magnitude to, 
those at the bore. 

(6) The stresses and strains in the brackets which are pro- 
duced in a radial direction by mounting are relatively insignificant. 

(7) The strains caused by mounting the wheels on the axles, 
when mounting alone is considered, are greatest in the hub near 
the axles. These strains, although apparently high in the case 
of the greatest values recorded, are steady and not repeated as 
is the case with the majority of strains produced in service. 
Moreover, these highest strains extend through a comparatively 
thin layer of metal near the axle, and this strained layer is backed 
by other layers of less strained metal. 

(8) In general the static load is transmitted from hub to 
rail, mainly through the outer plate, while the smaller portion of 
the load goes through the inner plate. This effect is more 
pronounced in the 740-lb Arch Plate than in the 725-lb. M. C. B. 
type of wheel. This division of the load seems desirable in that 
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the inner plate may be considered as affording reserve capacity fo 
the purpose of absorbing the effect of side thrust on the flang 
when rounding curves. 

(9) Pressing the wheel on the axle is much more effective i 
producing stress or strain within the wheel than the normal stati 
load, and it therefore follows that the addition of the norma 
statie load does not greatly add to or otherwise modify the mor 
important of the existent strains caused by mounting. 

(10) Abnormally heavy loads, in the absence of impact, sid 
thrust, ete., may be sustained by wheels without increasing th 
normal strains, already existent, to such an extent as to serious, 
stress the wheel. 

(11) The maximum strains reported, caused by the combine 
effects of mounting and static load, appear large when expresse 
in terms of the stress that would exist if the material were sub 
jected to simple tension or simple compression. As previousl 
stated, these strains are produced in the main by the mountin 
load, and the more important strains are those of tension, whic 
in general are greatest near the bore of the wheel. The characte 
of the strains, and the backing of the material most strained b>» 
less strained material, probably makes possible without injury 
to the material greater strains or deformations than would b 
allowable in’ the case of material not so supported and subjecte 
to simple tensile stress. As previously stated, the problem is on 
of compound stress, and the method used in computing th 
stresses reported is thought to give the highest values for thes 
that could be expected under such conditions. Any error i 
estimating, from the stress values determined in this way, whe 
elastic failure might take place, would be upon the side of safety 
In this connection it should also be remembered that the stresse 
reported are those produced by two forms of wheel loading only 
and that the strains and stresses resulting from these two form 
of loading (mounting and static) may be materially modified b 
additional stress-producing factors to which a wheel may b 
subjected in service. 
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APPENDIX A 


A Snort History oF THE CHILLED IRoN Car WHEEL witH INFoR.- 
MATION CONCERNING ITS MANUFACTURE AND SPECIAL PROPERTIES 


If molten iron comes.in contact with iron at room temperatures 
or is poured into a metallic mold it quickly solidifies. The sudden 
solidification of the metal prevents the combined carbon therein from 
precipitating out, thereby producing a metal in which all the carbon 
is in the combined form; that is, the so-called ‘‘ white cast-iron’’ or 
‘chilled iron’’ is produced. This principle was discovered in England 
about 1820 by a foundry workman who, quite by accident, noticed that 
when the excess metal remaining in the ladles after pouring the mold 
was emptied on the floors, the metal which came into contact with 
iron had quite different properties from that which solidified in 
contact with sand and air alone. The extreme hardness and resistance 
to wear of that portion of a casting chilled in this way were quite 
evident. In America the appheation of the prineiple of chilling to 
car wheel manufacture occurred about 1835. Three years later a 
Mr. Lobdell designed a wheel which marked the suecessful entrance 
of chilled iron into the car wheel field. In 1850 Mr. N. Washburn 
conceived a design of a chilled iron wheel which at that time weighed 
500 Ibs. The general features of this type of wheel, Figs. 42 and 43, 
are the merging of inner and outer plates into a single plate, the 
brackets and the ‘‘ogee’’ curve being formed on the outer face of the 
wheel. In 1904 the Master Car Builders Association adopted three 
designs of chilled wheels of the Washburn type weighing 600, 650, 
and 700 Ibs., as recommended practice for cars of 380, 40, and 50 ton 
capacity. Slight variations in details of design persisted up to 
1909, after which, reasonably strict adherence to the recommended 
M. C. B. standards was maintained. As a result of the maximum 
weight mentioned in the M. C. B. specifications, these three designs 
became commonly known as 625-lb., 675-lb., and 725-lb: wheels. In 
1917 the 675-lb. Washburn type of wheel, generally spoken of herein 
as the M. C. B. type, for the 40-ton car was replaced by a 700-lb. 
pattern of different design. This design, génerally called the Arch 
Plate type, differs from the Washburn type in that the three curves 
of the ‘‘ogee’’ curve on the outer face of the latter have been replaced 
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by a single curve of large radius. An additional wheel of the Arch 
Plate type weighing 850-lb. was also adopted as recommended practice 
for 70-ton capacity cars. In 1920 the Mechanical Section of the 
American Railroad Association adopted as recommended practice 
two more car wheels of the Arch Plate design with nominal weights of 
650 and 750 lbs., these to take the place of the former 625 and 725-lb. 
wheels. Four 33-in. cast-iron wheels all of the Arch Plate design 


yy 


M.C. B. or Washburn Type Arch Plate Type 


Fig. 43. SEcTIONS oF CHILLED CAR WHEELS 


weighing respectively 650, 700, 750, and 850 lbs. are now recommended 
practice for the American Railroad Association. The underlying 
reasons for substituting the Arch Plate for the Washburn pattern 
are due to both laboratory and service indications that the former, 
assuming equal weight of wheels in both cases, transmits the imposed 
loads with less internal strain, and as a corollary thereof, with a greater 
factor of safety. This very briefly covers the history of the chilled 
wheel to date. 

The manufacture of chilled iron wheels is a rather complex 
problem and is carried on in a highly specialized manner. One of 
the staples of the iron markets in this country is old worn out 
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wheels and they represent from 40 to 60 per cent of the mixture used 
in the production of new wheels. The balance of the material consists 
of pig iron, special scrap, and alloys. To give the wheel certain 
properties, and to enable it to meet service conditions successfully 
and pass the rigid inspections imposed by the recommended M. C. B. 
specifications,* it is necessary to control the relative proportions of 
scrap wheels, pig iron, and alloys quite closely. In order to do this, 
chemical laboratories operated by responsible chemists are maintained 
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as adjunets to the foundries. These laboratories furnish both the 
necessarily accurate control of the material that goes into the cupola 
and an indication of the character of the finished product. ‘The method 
of molding a cast-iron car wheel is indicated by the cross-section of a 
car wheel mold shown in Fig. 44. Identification of the various parts 
of the mold is easily made by means of the figure. Attention, however, 
is specifically directed to the chill. This is a east-iron ring of special 
chemical composition, whose inner face is machined to the desired’ 
contour of the tread and one half of the flange as shown. It rests 
on the nowel and in turn supports the cope of the mold. After the 
mold is made up, everything is ready for pouring. The molten 
metal is taken from the bottom of the ladle so that the impurities 


* Proc. M. C. B. Assn., Vol. 52, p. 490, 1918, 
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emain in the ladle. About 12 seconds is taken to fill a mold for a 
725-lb. wheel. When the molten metal carrying carbon in the com- 
bined state cames in contact with the cold chill, the sudden solidifica- 
tion of the metal does not allow sufficient time for the precipitation of 
the carbon from the iron—thereby producing an extremely hard metal 
called ‘‘chilled iron’’ in that part of the wheel which comes into con- 
tact with the rail. The ‘‘chilled iron’’ exists to a depth of from 
% to 1 in. The balance of the mold, which consists of specially 
tempered molding sand and two dry sand cores, allows a more 
gradual cooling or solidification of the metal in the other parts of 
the wheel. Consequently, the combined carbon in the molten metal 
has sufficient time to precipitate out during cooling, which in turn 
produces a gradation in the relative amounts of combined ‘and 
graphitic carbon across the section of the wheel. This results in a 
wheel whose tread, or that part of the wheel which comes in contact 
with the rail, consists of an extremely hard metal capable of resisting 
both excessive deformation and wear, while the remainder of the 
wheel consists of relatively soft material which ean be easily machined, 
and which is suited to resist the stresses put upon it in service. 

! After the wheel has been poured it is allowed to remain in the 
mold for about 5 min. or until it has solidified, after which it is 
removed and placed in a brick lined pit. After the pits are filled they 
are closed, and the temperature of the wheel at first becomes uniform 
and then gradually reduces over a period of about 3 to 5 days. This 
process is called annealing, and has for its purpose the removing 
f such strains as may have arisen because of the unequal conditions 
of cooling while pouring. Proper annealing is important, as wheels 


f xeessive internal strains. If wheels containing high residual strains 
ere placed in service a potential danger would exist, and might result 
Jn serious wheel failures. For this reason careful attention is given 
lo the process of pitting or annealing. 

After having been cooled in the pits the wheels are removed and 
cleaned of molding sand by means of a sand blast, and are then 
subjected to rigid inspection to see if the specifications of the buyer 
have been fufilled. After having passed inspection the wheels are 
bored out at the center—the only machine work performed on the 
ehilled car wheel during the process of manufacture. In machining, 
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the finished diameter of the bore is made slightly smaller—abou 
0.002 in. per in. of bore diameter—than the axle on which it is to b 
mounted. The slight difference between the size of the wheel bor 
and the axle requires a pressure of about 10 tons per in. of axl 
diameter in order to force the wheel on the axle; that is, 
6-in. wheel bore would require, approximately, the pressure of abou 
60 tons to mount the wheel on the axle. Mounting is accomplished i 
specially built hydraulic wheel presses, and the wheel is then read 
to be placed in service. 
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APPENDIX B 
TABULATED RESULTS 


_ Tables 2 to 9, inclusive, present figures relating to the strain 
leterminations which were made in connection with the eight wheels 
ested. In these tables the deformations measured by the strain gage 
ave been reduced so that they are listed as unit strains. An absence 
»f sign indicates tensile strain; whereas a minus sign denotes com- 
»ressive strain. 


TABLE 2 


Unit Strains Propucep By MountTING WHEEL ON AXLE 
33-in. 725-lb. M. C. B. Wheel No. 671 237 


Strains Given in Table are Expressed in Hundred-thousandths 
of Inches Per Inch 


On Outer Face of Wheel 


Radials along which Gage-Lines Are Located 
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Unit STRAINS PRopucrED BY COMBINED HFrrects OF MOUNTING 
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33-in. 725-lb. M. C. B. Wheel No. 671 237 


Strains Given in Table are Expressed in Hundred-thousandths 
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TABLE 2a—Continued 
Unit StrAINS PropuUCcED BY COMBINED Errrcts or MouNntTING 
AND Static LoApDs 


| 33-in. 725-Ib. M. C. B. Wheel No. 671 237 


Strains Given in Table are Expressed in Hundred-thousandths 
of Inches Per Inch 


Loads Applied at C 


Statice Loads of 
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44 37 
110 115 1 
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TABLE 3 


Unit Strains Propucep By MountTinc WHEEL ON AXLE 
33-in. 725-lb. M. C. B. Wheel No. 671 449 


Strains Given in Table are Expressed in Hundred-thousandths 


of Inches Per Inch 


On Outer Face of Wheel 


Radials along which Gage-Lines Are Located | 


Gage- 
Lines A B c D E F G H 

——— ne 

1R —13 —52 —42 28 —25 

2R ee —67 eA —57 —59 

38R —72 —8s0 —75 —74 —116 

4R 31 —7 24 —49 —29 
- —_—_ ~ 

1T 20 41 e 5 23m 

2T 21 31 47 9 28 

3T 48 26 37 39 44 

4T 25 Sale 73 78 ass oe 3 64 55 

5T aha 103 115 nina 92 we 149 

On Inner Face of Wheel 

1R ates aa —16 ache Te nae 

1Rb —27 —18 Pee, —29 —20 Ota —6 

2R PSs aiaie's aiits —14 ote 

2Rb | —53 — 6 thor —74 wait —28 

3R —23 Pisiets —25 —30 0.0 Origine —17 

4R —16 —7 4 & 22 —10 amas 0.0 

5R sak —31 —39 as —32 

fh aval 36 a 24 

3T 55 30 62 32 49 aie 72 

4T 110 57 51 15 79 hos 59 

5T 161 136 ria 141 vs 158 _ 
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TABLE 3A 


Unit STRAINS PRopDUCED BY COMBINED EFFECTS OF MOUNTING 
AND Static Loaps 


33-in. 725-lb. M. C. B. Wheel No. 671 449 
Strains Given in Table are Expressed in Hundred-thousandths 
of Inches Per Inch 


Loads Applied at A 


On Outer Face of Wheel On Inner Face of Wheel 
Combined Effects of Combined Effects of 
; Effect | Mounting and Static Loads Effect | Mounting and Static Loads 
j of — -—S—S 
age- | Mount- Static Loads of nee M e: Static Loads of 
ines - MMe Swi Tec aT ee eames : 
t fifon 21 000 | 80 500 |150 000/200 000 ree 21 000 | 80 500 |150 000|200 000 
Ib. Ib. Ib. Ib. cose lbs Ib. Ib. Ib. 
—13 |—19 | —38 —83 |—123 A1Rb | —27 | —27 —37 | —55 | —81 
Me Wer. | he kese S) tans ADP br leensial——5e) |" ——bOm |e —ote 107 
—72 | —84 |—140 —96 |—160 A8R | —23 | —28 —31 |—34 | —40 
31 27 | —15 4 | —41 A4R | —16 | — 9 —7 |—17 | —22 
20 26 42 62 95 
21 27 35 55 81 a5 52 54 83 108 
48 61 71 80 123 A3T 110 103 116 122 154 
25 37 45 75 108 A4T 161 159 |° 156 175 185 
A5T 


Loads Applied at G 


Static Loads of | Static Loads of 
80 500 202 000 80 500 202 000 
lb. Ib. lb. lb. 
28 — 8 — 59 } —14 2 —27 
--57 —121 —197 G2R 
-74 —143 —267 
—49 95 100 
56 29 82 24 37 84 
9 27 74 G2T 158 164 184 
39 66 115 
64 92 132 
G5bT : ras 5 
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TABLE 4 ‘ 
Unit Strains Propucep By MouNTING WHEEL ON AXLE 
33-in. 740-lb. Arch Plate Wheel No. 04 474 
Strains Given in Table are Expressed in Hundred-thousandths 
of Inches Per Inch 
| 
= = = = —————————— ———— = = 
On Outer Face of Wheel 
= j 
Radials along which Gage-Lines Are Located Mean 
Gage- E-xperi- 
Lines mental | 
A B C D D F G H Strain 
OR 48 ==97 8 = 14 38 —7 52 43 
3R 19 34 32 35 —38 =18 2 —17 
4R —s0 —71 —%3 —82 —83 —82 —91 | —109 
5R =—76 20 129 80 116 83 72 98 
GR an 61 57 42 $3 60 =70 —66 
™ =11 —29 eo —AZ 56 2 57 35 
sR 2 8 17 12 23 a4) =O. —20 
OR a. 26 17 —=,8 a) 24 18 6 
iv 77 74 95 105 172 137 6S 78 
Dab 68 113 109 67 142 127 143 97 
3T 68 155 85 23 70 97 19 85 
AT. 52 115 36 17 65 63 35 45 
5T 25 71 28 26 45 37 61 Mer: 
6T 38 35 H 23 23 7 365 34 
77 16 13 —3 8 13 26 27 18 
sT 23 11 —14 3 18 2 — 6 48 
9T It |=9<26 —4 25 20 19 8 4 
On Inner Face of Wheel 
, > 
2R 39 23 66 52 69 
3k = H6) 0.0/ —29 —==49 
An = § —4 —16 4 
5R =D —1|—6 1 
6Ra, b ean 8 Ag 
6R SEE arene —18 2 
7TRa —34 —A44 —23 > ey Sau 
-7R —38 12 —19 —34 —29 
7Rb E+ ay —33 —26 —38 
9Ra —26 —1l1 —39 sae is 
9Rb ll —27 —32 
i}é 174 263 200 171 200 
4 95 282 187 | 128 164 
3T 82 ay isi. 4 77 44 
EAD 81 105 74 30 
5T 51 98 70 41 
6T aX rare 
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TABLE 4A ; 
Onit STRAINS PRODUCED BY COMBINED EFFECTS oF MouNTING 
_ AND Static Loaps 
33-in. 740-lb. Arch Plate Wheel No. 04 474 


Strains Given in Table are Expressed in Hundred-thousandths 
of Inches Per Inch 


Loads Applied at A 


| 
On Outer Face of Wheel On Inner Face of Wheel 
Combined Effects of | Combined Effects of 
Effect Mounting and Static Loads | pet Mounting and Static Loads 
of 
Mount- Static Loads of Lines /Mount— Static Loads of 
ing — a a 
Alone | 21 100 | 81 000 |150 000\202 000 Alone 21 100 | 81 000 |150 000/202 000 
lb. lb. lb. lb, lb. lb. lb. lb. 
48 16 14 | 359 56 || AoR | —39 42 | —35 45 72 
—19 —33 —90 —65 —89 A3R 30 25 6 35 —62 
—80 |—105 |—-157 |—176 |—249 || A4R | —8 | —15 | — 2 0.0} —30 
—76 —96 |—185 |-—167 |—220 ASR | —21 —27 —27 —32 —27 
—38 |—61 |—124 |—125 |—174 || A7Ra| —34 | —33 | —15 | —44 | —65 
—ll1 —29 —76 —80 |—113. || A7R | —38 —37 —18 —57 —65 
2 —35 —4 —70 |—109 
3 |—9 |—31 |—60 | —94 || AoRal —26 | —42 | —35 | —80 |-107 
HHL 54 113 110 127 AIT 174 175 179 189 203 
68 76 117 102 109 A2T 95 89 130 127 135 
68 34 104 88 76 A3T 8&2 110 105 120 131 
52 36 75 64 91 A4T 81 67 90 123 142 
25 11 42 33 56 A5T 51 57 58 67 125 
38 Py ieell 48 56 74 | 
16 ‘i 93 | 32 37 || | | 
23 7 OF Neb 93 || | | | 
u Gir) 25 (80 63. || | / 
Loads Applied at C : 
| Static Loads of Static Loads of 
| 21 400 | 81500 |151 000'200 000 21 400 | 81 500 |151 000/200 000 
lb. lb. lb. lb. lb. lb. lb. lb. 
8 27 3 4 3 C2R | —66 —55 —49 —70 —83 
—32 —78 |—111 |—109 |—116 C3R 0.0 12 20 —5 —13 
—73 —87 |—155 |—162 |—194 C4R | — 4 —10 — 2 2 10 
129 |—120 |—179 |—214 |—251 C5R | — 1 —12 0.0 5 13 
—57 —61 [|—113 [|—131 |—155 C7Ra| —23 —19 —1 —42 —42 
—72 —71 |—135 [|—115 |—150 C7R | —19 —7 9 —19 —24 
—17 —37 —99 —-56 —8s9 C7Rb| —33 —6 3 —19 —9 
—17 —18 —60 —70 —94 C9Ra| —39 —18 —22 —98 |—112 
C9Rb| —17 —18 —3 —18 —16 
[aa 
95 81 128 123 149 C1T | 200 197 180 190 205 
109 87 130 145 147 C2T 187 169 171 182 200 
85 36 100 127 145 C3T 131 132 118 141 159 
36 29 57 a site 40 C4T 105 116 82 133 133 
28 27 41 47 53 C5T 98 75 84 106 136 
16 29 39 51 68 C6T 84 73 76 122 142 
—3 1 15 20 37 | 
—14 0.0 24 27 54 
= 20 38 79 i= ¥ 
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TABLE 5 
UNIT STRAINS Propucep By MountTING WHEEL ON AXLE 
33-in. 740-lb. Arch Plate Wheel No. 04 476 


Strains Given in Table are Expressed in Hundred-thousandths 


of Inches Per Inch 


*On Outer Face of Wheel 


Radials along which Gage-Lines Are Located Mean 
Gage- Experi- 
Lines 7 al : zs : . mental 
A B c D E F G H Strain 
2R 36 4 20 —81 —22 —29 —3 —46 —15 
3R 15 61 31 —23 —61 —49 61 36 42 
4R —64 —88 —68 —i7 —112 —86 | —128 —58 —85 
5R —71 —90 —96 —114 —89 —82 -—105 —74 —90 
6R —38 —-65 —47 —53 —53 —67 —71 —53 —56 
7 23 24 23 45 45 tara —35 —18 —30 - | 
&R —l11 —s3l —9 —12 — 3 —14 —12 Ts --13 
OR 34 3 0.0) 8 — 1 —23 —18 41 6 
1T 123 114 68 129 114 102 83 68 100 
2T 128 80 79 70 98 44 99 94 86 
3 59 137 67 51 53 62 37 75 68 
4T 33 90 40 16 30 37 123 42 By) | 
5T 36 46 19 22 13 22 49 26 29 
6T 26 32 47 23 13 8 18 24 | 
ri 29 23 8 —39 —14 —3 cf 25 4 
8T 15 5 11 43 —1 11 | 20 14 
9T —3 —4 2 —14 15 —7 27 2 2 
2R —40 —41 
38R 7 aster 
4R —1 
5R — 28 
6Ra ahs 
6R Moe 
7Ra —42 —40 
7R J 
7Rb wah 
8R eat 
9Ra —27 —8 
9Rb i 
ig 174 167 
2T 112 189 
3T 84 eee 
4T 60 
5T 55 
6T 35 


TABLE 


5A 


AND Static Loaps 
33-in. 740-Ib. Arch Plate Wheel No. 04 476 


Strains Given in Table are Expressed in 


of Inches Per Ineh 


Loads Applied at i 
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UniT STRAINS PRopUCED BY CoMBINED Errercts or MouNTING 


Hundred-thousandths 


8Y 


Combined Effects of 


On Outer Face of Wheel 


On Inner Face of Wheel 


Combined Effects of 


Mounting and Static Loads | Mounting and Static Loads 
Effect | G: Iffect = — 
of Statice Loads of 1] tie of Static Loads of 
Mount-|— == mes |Mount-| - 
IME | 21 100 81 000 150 000/202 000 me | 21 100 | 81.000 |150 000202 000 
me) bh. | bt. | tb | ORE IBS a SThcidl 116, :/1 I: 
| | 
36 23-'| — 4 21 DEM ASR) || ——40 a= 4 /s—8 2|—G6 | 80 
tp —-55. | —09) | —68 |)—92. || ASR 7 5 14 tbe ==13 
—64 |—95 |—138 |—147 |—200 AAR i lee ee BD 14 |—<¢ —1 
meri —o4 |—143 |—169 |—213 A5R 28 32 15 31 104 
mae 62 102 11] 151 || 
—23 | —38 |—66 | —88 |—118 || A7Ra| —42 29 19 65 76 
Be iiee-—-20) 55: |'—87 |—122 | | 
34 13 | —35 | —41 | —83 | A9Ra | 27 22 38 | —90 111 
| J. ake 
123 116 156 145 163 || AIT | 174 178 202 196 198 
128 150 181 155 173 || A2T | 112 | 144 123 134 151 
59 54 2 83 97 || AaT sa le 74 91 122 140 
33 30 41 43 71 =+‘|| A4T 60) |. > 92 86 79 107 
36 35 29 28 50 || AST 55 | 43 67 93 101 
26 10 18 41 59 AGT 3501) 1:23 53 62 81 
29 30 51 45 109 | 
15 3 32 32 57 | | 
—3 | —-25 2 | 26 65 | 
Loads Applied at G 
Static Loads of Static Loads of 
= ——- 
21 400 | 81 500 |151 000/200 000 | 21 400 | 817500 |151 000/200 000 
ielb: Ib. lb. Ib. | Ib. tb. Ib. Ib. 
| | | | 
= 3 18 4011 |} 6) |) GaR =| —425) 92" |/—66' | 90: | =—=90 
oiasi—pb2 j—103 (—114 |—137 CSR M85 ae ees hte 60" ==72 
moe | 114, i177, |—211 j—262 || G4aR | —7 | —51_|— 4 12 23 
—105 |—111 |—166 |—186 |—238 || G5R | —21 | —31 | —14 | —29 | —16 
71 |\—87 |—121 |—106 |—154 || GeR 60) —25 11 2 6 
=35 |—39 |—75 | —69*|—107 || G7Ra| 53 51 82 50 69 
—12 0.0)=——38)) 62; |—104 1).G7R, | —28 |, —25" ||, —17" | —32. | —19 
—18 35 |.—17 | —58 |—109 || GoRa| —21 | —29 |— 3 | —48 | —42 
$3 71 106 122 140 Git) 176 174 193 187 159 
99 105 148 94 157, G2 | “172 166 200 186 219 
37 29 60 38 65 || G6T Al 69 95 84 119 
123 113 118 135 172 | 
{ 49 35 19 49 48 
oy | 14 30 24 30 | | 
Sir} =i | 1 21 | 16 | | | 
Pub 6.) 32 63 94 | | 
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TABLE 6 


Unit StraIns PropuceD BY MouNTING WHEEL ON AXLE 


33-in. 625-lb. M. C. B. Wheel No. 809 711 


Strains Given in Table are Expressed in Hundred-thousandths 
of Inches Per Inch 


On Outer Face of Wheel 


On Inner Face of Wheel 


Radials along which Meant Radials along which 
Gage- | Gage-Lines Are Located Experi- Gage- Gage-Lines Are Located 
Lines mental Lines 
ak Strain at 
A B Cc D A B Cc D 
At 37 115 95 64 78 At 115 190 142 126 
Bt 67 109 sf 83 86 Bt 100 163 137 102 
Ct 50 68 58 83 65 Ct 92 | 136 | 120 | 103 
Dt 40 | 108 65 86 75 Dt 69 118 | 100 81 
Et 37 81 51 60 57 Et 64 107 85 71 
Ft 18 se 67 65 50 Ms: se 
Gt 28 58 38 70 48 | 
Hh 20 57 50 Aa 42 2T 50 75 53 58 
3T 20 43 28 35 32 3T 46 50 26 39 
4T 19 9 18 20 16 4T 30 20 9 
5T 5 | 25 Soe) 0h 15 5T 18 31 24 mie 
6T 4/2 -+6/+ 8 4 6T 27 2 | 2 -| 6 
ced 9 9 11 1 8 6Tab 16 8 
8T 15 15 3 |—8 6 7T 18 28 23 8 
9T i—14 1 |}—6 11 —2 Serle a3 : 
10T —6 }-1 4 15 3 Si 
1R —20 |—53 -—17 |—30 —30 1R —37 31 |—56 |—382 
2R |—23 |—35 |+31 |—20 —27 2R —31 |—383 |-29 |—38 
3R —26 18 |27 |+—5 —19 3R i— 9 oe [27 |—25 
4R 15 |—23 39 20 —24 4R —29 |—24 |-13 |—7 
5R —17 —10 —33 |—25 —21 5R i— § i— 2 0.0/—20 
GR -20 5 1 Oe te —19 6R —10 |—8 |—28 1 
7R —19 |—19 —24 |—21 —21 6Rab ~- [25 —46 
8R — 6 0.0 |-20 |—2 —7 7R —15 —13 6 /-—16 
OR ao) ha eo —7 8Rab 25 7 8 |—18 
9Rab 9 3 a —13 
| | 
Gage-Lines Adjacent to 
Core Holes 
Between |Between |Between 
Radials | Radials | Radials 
AandB) BandC|DandA 
ve 85 72 68 
Sa W 49 111 8&8 
3T 118 66 en 
4T 118 46 
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TABLE 7 


Unit Strains Propucep By MouNTING WHEEL ON AXLE 


33-in. 625-lb. M. C. B. Wheel No. 822 269 


2 aed Given in Table are Expressed in Hundred-thousandths 
of Inches Per Inch 


at 


On Inner Face of Wheel 


On Outer Face of Wheel 
Radials along which | 
Gage-Lines Are Located Mean 
Experi- |! 
mental || 
| Strain | 
A B Cc D 
| 
161 | 213 | 343 | 150 217 
127 171 | 224 | 130 163 
| 107 161 | 249 124 160 
115 | 137 | 171 91 128 
97 115 174 106 123 
39 | 121 140 84 96 
95 99 140 94 107 
86 93 128 76 96 
60 59 | 105 53 69 
54 71 45 57 
40 37 44 33 38 
37 41 16 16 28 
26 16 31 12 21 
9 6 11 9 9 
20 2 22 14 14 
11 3 15 | 4 6 
—50 }|—88 .. |-47 —62 
+42 |—50 |—77 |—56 —56 
— 9 |+-33 |-47 |—31 —30 
I-38 |—44 |—50 |—36 —42 
—40 |—54 |—57 |—55 —B51 
—59 |—64 [|—52 |—55 —58 
52. |—37 |—37 |—49 —44 
—18 }|—29 |—16 |—18 —20 
—41 |—16 |—4 9 —13 


Radials along which 


Gage-Lines Are Located Mean 
Gage- Experi- 
Lines mental 
Strain 
A 
At 192 182 
Bt 148 168 
Ct 136 144 
Dt 127 133 
Et 106 125 
2T 104 112 
S4y 84 93 
4T 45 45 
iy 38 40 
6T 29 31 
6Tb oe heal 
(jak 29 32 
1R —29 —52 
2R ae —48 
3R -—22 —27 
4R —24 —16 
5R —16 —16 
6R — 6 —15 
6Rab Fae —28 
7R }-11 —15 
8Rab 10 15 
9Rab | 4 Zé 
| Gage-Lines Adjacent to 
Core Holes 
Between |Between |Between 
Radials | Radials | Radials 
AandB/BandC|DandA 
2 87 104 
2F 130 124 
3T oahthe 101 
4T 65 61 
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ILLINOIS ENGINEERING EXPERIMENT STATION 


TABLE 8 


33-in. 725-lb. M. C. B. Wheel No. 49 317 


Strains Given in Table are Expressed in Hundred-thousandths 
of Inches Per Inch 


Radials along which 


On Inner Face 


of Wheel 


Radials along which 


| Gage-Lines Are Located | Mean | _ Gage-Lines Are Located | Mean © 
Gage- ' Experi- || Gage- | Experi- | 
Lines ae | mental Lines mental © 
| Strain | Strain 
A B (a 1B 
E 
At | s1 | 79 | 152 | 122 108 || At 
Bt 68 | 79 | 134 | 121 | 100 Bt 
Ct | 59 69 125 69 | 80 | Ct 
Dt | 47 67 94 99 | 77 | Dt 
Et 48 61 88 | 94 | 73 «|| ~=Et 
Ft 44 64 101 96 a | Ft 
Gt 29 60 76 93 | 64 |) Gt 
3T 3s 40 56 70 51 aL 
4T 28 34 36 61 | 37 4T 
5T 34 28 24 36 | 30 5T 
6T 22 24 26 28 25 | 6T 
is 5 17 21 21 16 | 7T 
8T 10 7 Ce ey | 1: Hehe 
9T 10 Sani etal aa 1 || 
10T 6 8 3 “que 6 || 
IR |—51 |-39 -|\—49 |—57 —49 || IR 
2R- |-22 |--23 |—47 |—47 —35 2R 
3R |—23 23 26 36 27 38R 
4R —17 |—16 |}—-19 }—33 —21 4R 
5R |—14 |-23 |-—22 |—35 —24 5R 
6R |}—35 |—34 |—40 [|—5l1 —40 6R 
7R —28 |—29 |—39 |—44 —35 7R 
8R 13 -17 17 28 —19 | 8R 
9R 1/8 -11 -—11 —7 | 8Ra 
9Ra 
2 . | | ; : 
Gage-Lines Adjacent to — | Gage-Lines Adjacent to 
Chaplets | | Core Holes 
Between |Between |Between + || Between |Between |Between | 
Radials | Radials | Radials— I Radials | Radials | Radials | 
AandB | BandC |Dand A oad i AandB|Band C|DandA 
1T 34 63 64 | 54 igh 51 45 
2T 45 | 10 1} 75 63 oT. 63 53 
3T 48 82 69 | 66 | 3T 63 40 
4T 47 60 51 53 4T 24 be + 
5T 32 36 50 | 39 
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TABLE 9 


Unit Strains Propucep By MouNTING WHEEL ON AXLE 
33-in. 725-lb. M. C. B. Wheel No. 49 305 


Strains Given in Table are Expressed in Hundred-thousandths 
of Inches Per Inch 


On Outer Face of Wheel On Inner Face of Wheel 
| 
Radials along which Mean Radials along which Mean 
Gage- Gage-Lines Are Located Experi- Gage- Gage-Lines Are Located Experi- 
j mental Lines mental 
Strain | | Strain 
Cale A tees Cc 1B ee 
| 
87 139 157 At 97 167 149 156 142 
67 116 133 Bt 91 132 125 126 | 118 
61 113 123 Ct 83 114 116 Lig} 106 
49 110 104 Dt ar 129 107 95 | 110 
56 | 109 94 Et 74 \\119 | 96 | *80 92 
44 110 89 Ft 76 100 89 80 86 
44 109 87 Gt 65 94 83 65 77 
51 97 66 3T | 48 61 65 | 65 | 60 
36 | 55 46 4T AQ leroy eal eee ere 4 
33 we 32 5T 46 48 11 0.0 35 
30 65 45 6T 6 14 21 eee 14 
20 24 18 a; 8 30 20 cro 19 
15 18 13 ofa Ms 36: } ARs 
15 12 12 
14 20 10 
—30 |—56 —102 1R |—72 |—110 |—82 |—197 —115 
—1 |—52 — 74 2R |-59 |— 60 |—69 |—115 — 76 
2 he — 40 38R }+-35 |— 32 |—44 |—104 — 54 
— 3 |—30 — 30 4R |—23 |-- 25 |-27 |— 82 — 39 
'—20 |—32 — 48 5R |—10 |— 18 |—30 |— 51 — 27 
—40 |—79 — 50 6R |—31 |— 22 |\—16 |— 40 — 27 
—41 }-—-54 | — 44 7R |\—20 |— 24/|-—36 |— 18 — 24 
—22 |—19 — 24 8R |—21 FP ee” <2 — 20 
uh i— 9 — 10 8Ra |}—-12 — 8/|—8 |— 8 — 9 
9Ra 7 |—14|-22 — 7| — 9 
| Gage-Lines Adjacent to 
| Core Holes 
Between |Between |Between 
Radials | Radials | Radials 
- Aand B|Band C/|DandA 
1T 65 82 69 72 
Pal ty 82 82 ole 82 
3T 70 73 60 68 
4T 56 48 39 48 
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APPENDIX C 


AGREEMENT BETWEEN THE ASSOCIATION OF MANUFACTURERS OF | 
CHILLED CAR WHEELS AND THE UNIVERSITY OF ILLINOIS, 
PROVIDING FOR A COOPERATIVE INVESTIGATION 
RELATING TO CHILLED Car WHEELS 


The following articles of agreement, prepared by the Engineerin 
Experiment Station of the University of Illinois, were submitted t 
and, on January 26, 1916, approved by Geo. W. Lyndon, Presider 
of, and acting for, the Association of Manufacturers of Chilled Ce 
Wheels. The articles of agreement were likewise submitted to, ans 
on February 8, 1916, approved by the Board of Trustees of tk 
University of Illinois. 


(1) That the Engineering Experiment Station will undertake an inve 
tigation concerning the stresses and behavior of chilled iron car wheels, und 
prescribed conditions, the details of the work to be determined by tl 
Station in conference with the Association’s Consulting Engineer, Mr. F. ] 
Vial, 

(2) That all results secured from such an investigation shall be # 
property of the Engineering Experiment Station. They may be publish 
as Station bulletins or otherwise, as from time to time may be determined | 
the Director. Prior to any publication, however, the intention of the Direct 
shall be formally communicated to the Association of Manufacturers | 
Chilled Car Wheels in order that said Association may at all times be inform 
as to the purpose of the Station. The results also shall at all times be opé 
to the inspection and use of the representative of the’ Association of Man 
facturers of Chilled Car Wheels, who may be assumed to act in an adviso: 
capacity to the Station. 

(3) That the funds of the Association of Manufacturers of Chill 
Car Wheels are to be drawn upon for all costs of labor and supplies arisi 
from the proposed investigation. If equipment is required in excess of th 
already available to the Station, it will be provided at the expense of # 
Association. The Station will supply the time of members of its staff f 
the direction of the work, and the use of such facilities as it may alrea( 
possess. 3 

(4) That upon the approval of these proposals the Association | 
Manufacturers of Chilled Car Wheels will at once transmit to the Busine 
Office of the University the sum of $500 as an initial deposit, and ea 
month thereafter will transmit such sum or sums as may be ealled for | 
estimates of the costs of the investigation for the month next succeedin 
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Funds thus supplied are to constitute a credit upon which the Director of 
the Engineering Experiment Station may from time to time draw to cover 
the costs of the proposed work. It will be the purpose to maintain, during 
the lifetime of this agreement, a balance in this account entirely sufficient 
to meet all charges that will need to be made against it. 

(5) That this arrangement will continue in effect until canceled through 
the definite action of one or both of the parties in interest. 


